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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The relevance of this study is determined by the need for rational
utilization of industrial waste and the development of environmentally sustainable
building materials for the conditions of Kazakhstan. Fly ash from Almaty Thermal
Power Plant No. 2, bentonite clay from a local deposit, and wood flour obtained
from furniture production residues were selected as mineral fillers for polymer
composite materials. The purpose of this research is to evaluate the efficiency of
using thermally modified bentonite and fly ash as complex fillers for the production
of wood—polymer composites and to determine their influence on the physical and
mechanical properties of the materials. The applied research methods included
X-ray fluorescence, X-ray diffraction, and thermogravimetric analysis for phase
and elemental characterization, optical and electron microscopy for studying
morphology and dispersion, and mechanical tests performed according to ISO 62,
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ISO 178, and ISO 2039-1 standards. The use of fly ash, as a filler for polymer
composites has shown positive results in improving their properties, reducing
production costs, and solving environmental problems. The results showed that the
addition of 20 % fly ash and 5 % thermally modified bentonite at 700 °C increased
flexural strength to 20.9 MPa, hardness to 8.47 HB, and reduced water absorption
to 0.45 %. These findings confirm the compatibility of mineral fillers with the
polymer matrix and demonstrate their reinforcing effect. The scientific novelty of
the research lies in establishing the correlation between the thermal modification
temperature of bentonite, the change in dispersion of its mineral phase, and their
combined effect on the strength properties of wood—polymer composites.

Keywords: fly ash, bentonite, thermal modification, wood—polymer composite,
building materials
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AHHOTaUMs. 3epTTEY JKYMBICBIHBIH ©3€KTUIITT — OHEPKOCIITIK KaJIIBIKTApIbI
KaliTa eHjey jxoHe Ka3zakcraH jKarmaiiblH/Ia SKOJIOTHSUIBIK TYPFBIAH OPHBIKTHI
KYPBUIBIC MaTepHAIapblH jKacay KaKETTUIITiMEH aHbIKTanansl. [lommMepi
KOMIIO3UIMSUTBIK,  MaTepualiiapFa MUHEpPaJJIbl TOJTHIPFBINI peTiHae AJMaThl
kamacerHaarel Ne2 JKDO-HBIH yImma Kyl MeEH JKePriTikTi KeH OpHBIHAH
QJIbIHFaH OCHTOHWT Cca3bl NMailanaHbUIIbl. 3epPTTEYIIH MaKCaThl — TEPMUSUIIBIK
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MOMUUKAIMIIAHFaH OCHTOHHUT TIEH VIIMA KYJAI KYPHET TONTBHIPFIMITAP/IBIH
KypamMblHAa MaiijanaHy TUIMAUICIH Oaranay >KOHE ONapAblH Heri3iHae arar-
MOJIUMEPITT KOMIIO3UIIUSIIBIK Marepuaiaap aity. KoijgaHbuiran 3epTrey 9JIicTepine
(hazanplK KypamblH JKOHE OJJIEMEHTTIK KYpaMblH aHBIKTAy YILIIH PpPEHTTeHIIK
(hryopecueHus, peHTreHAIK AU(paKIrs KOHE TEPMOTPABUMETPHSUIIBIK TaJlay;
MOP(}OIIOTHACKH MEH TapalyblH 3epPTTEYy YIIiH ONTHKAIBIK YXKOHE DIIEKTPOHJIBIK
MUKpOCKOTHs; coHnaii-ak [ISO 62 crannapThiHa COHKEC KYPri3iireH MeXaHUKaJIbIK
ceiHakrap kipai. ISO 178 xonme ISO 2039-1. Ilomumeprik KOMIO3UTTEPIl
TOJITBIPFBINI PETIHJEC YIIKBIH KYJIIH KOJJIaHy OJap/blH KaCHETTEPiH jKaKcapTy/a,
OHJIIPIC IIBIFBIHAAPBIH a3alTy/a >KOHE SKOJIOTHSUIIBIK MACEJeNepi IIeyae OH
HOTIDKENIep KOPCETTi. AJIBIHFAH YTIJIEpre MEXaHWKAJIBIK CBHIHAKTAp KYPTi3iimi.
Hormxecinge kypambinaa 20 % ymma xya skene 5 % 700 °C temneparypana
TEPMHUSITBIK MOAU(UKalMsIaHFaH OCHTOHUT Oap KOMITO3WIUSHBIH HIO OEpiKTITi
20,9 MlIla-ra neiiin aptThl, cy ciHiprimTiri 0,45 %-ra JeiiiH TOMEHIEAl *KoHE
KarThUIbiFbl 8,47 HB neHreifine sxerTi. AJIBIHFAH HOTHIXKEICPIIH MPAKTHKAJBIK
MaHBI3Bl — OJKEPTUTIKTI OHMIPICTIK KaJNABIKTapAbl KYPBUIBIC JKOHE apiey
caianapblH/ia KOJIJaHyFa OOJaThIH SKOJOTHSUIBIK Ta3a, ap3aHIaTbUIFaH MOIUMEpITi
KOMITO3UIIMSUTBIK MaTeprajiap ally MyMKIHAITiH KaMTaMachl3 eTyinie. 3epTreyui
FBUIBIMU YKAHAJIBIFBl OCHTOHUTTIH TEPMUSUIBIK MOJU(PUKAIMSICH TEMIIEPaTypachl,
MUHEPAIIBIK (ha3aHbIH JUCIIEPCHUSICBIHBIH 63repyi )KOHE OJIap/IbIH aFalll-TIoTHuMepi
KOMIIO3UTTEPIiH OEpiKTIK cumarramaiapbiHa OipJieCKeH ocepi apachIHIaFrbl
0aiiTaHBICTHI AaHBIKTAY/IA.

Tyiiin ce3nep: ymma KyJ, OSHTOHHT, TEPMILUIBIK MOIW(UKAIUS, aFarl-
MTOJTUMEPITI KOMITO3UT, KYPBUIBIC MaTepUaaphl
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AHHOTAUMs. AKXTyamTbHOCTH pPabOTBI  0OyCIIOBICHA  HEOOXOAMMOCTHIO
YTHIIM3ALHAN TPOMBIIUIEHHBIX OTXOI0B U Pa3pabOTKH SKOJIOTMUYCCKU YCTOHYHMBBIX
CTPOMTENHHBIX MarepualioB B ycioBusx Kazaxcrana. B kadecTBe MUHEpambHBIX
HATIOJTHHUTENEW Il TIOJUMEPHBIX KOMITO3UTOB HCIIOJIb30BaHBl 30712 yHOCA
Anmaruackor TOL[-2 u OeHTOHUTOBas IVIMHA MECTHOTO TIPOMCXOXKIICHHS.
Lenp wuccrnenoBanusi — OLEHUTH 3(P(PEKTHBHOCTh NPUMEHEHHS TEPMUYECKU
MOTUGUITMIPOBAHHOTO OCHTOHMTAa M 30JIbl YHOCA B COCTaBE KOMIUIEKCHBIX
HAIOJIHUTEICH TPH TONYyYCHUU NPEBECHO-TIOTUMEPHBIX KOMITO3UTOB. MeETOIBI
WICCIIEZIOBAHUS BKITIOUAIM PEHTTEHOMITYOPECIICHTHBIN, PEHTTeHOMUBPAKITHOHHBIN
Y TEPMOTPABUMETPUIECKHUI aHATN3bI JIJIS ONIpe/iesieHus (Pa30BOTO U AIIEMEHTHOTO
COCTaBa, ONTUYECKYIO U AJICKTPOHHYI0 MUKPOCKOMHIO JIJIsl M3y4YeHUsT MOP(OJIOTHI
U JTUCTIEPCHOCTH, a TAKKE€ MEXAaHWUYECKHUE MCIBITAaHUS Mo cTaHgapram [SO 62,
ISO 178 m ISO 2039-1. Takxe wucciemoBaHbl KOMIIOHCHTHI, yCHJINBAIOIINE
CTPYKTYypy KOMITO3uTa. Vcmonb30BaHMe 301161 YHOCA B Ka4€CTBE MHHEPATHHOTO
HAIOJIHUTEIA I10KA3aJI0 IIOJ0KUTEIBHOE BIMSHHE Ha CBOWCTBA KOMIIO3HTOB,
CHIDKEHUE TPOM3BOACTBEHHBIX 3aTpaT H pEIICHHE psia IKOJIOTHYECKUX
mpobneM. YcraHoieHo, uTo BBeneHue 20 % 3oibl yHOca u 5 % OCHTOHHTA,
moaudumposanHoro npu 700 °C, moBblmaeT MpoyHOCTH mpu usrude mo 20,9
Mlla, cumxaer Bopomornomenue mo 0,45 % w yBenwmumBaeT TBEPHAOCTH [0
8,47 HB. IlpakTuyeckass 3HaUUMOCTb 3aKJIIOYAETCs B MPUMEHEHUM JIOKAJbHbBIX
MTPOMBIIIUIEHHBIX OTXOJ0OB KaK (DYHKIIMOHAIBHBIX HATIOJHHUTENEH YIS TTONYYCeHUS
HEJIOPOTMX W OSKOJOTHYHBIX TIOJIMMEPHBIX KOMIIO3UIIMOHHBIX MaTepUalOB,
BOCTPEOOBAHHBIX B CTPOMTEIBCTBE M OTJCIOYHBIX padorax. HayuyHas HOBU3HA
COCTOMWT B YCTAHOBJICHUH 3aBUCHMOCTH MEXKY TEMIIePaTypoil TepMOMOIU(DUKAITUT
OCHTOHUTA, U3MECHECHHUEM TUCIIEPCHOCTH €T0 MUHEPATLHOM (ha3hl U UX COBMECTHBIM
BITUSTHAEM Ha IPOYHOCTHBIC XapaKTEPUCTUKH IPEBECHO-TIOTUMEPHBIX KOMITO3HUTOB.

KaroueBble cioBa: 307a yHOCA; OCHTOHHT; TEePMHUYECKas MOIU(DUKAIUS;
JIPEBECHO-TIOJIMMEPHBIN KOMITO3UT; CTPOUTEIIBHBIC MaTepUAITBI

Introduction. The use of fly ash in industry, particularly in the construction
industry, is one of the strategic ways to solve the environmental problem of pol-
lution and increase the depth of coal processing. This study investigated the pos-
sibility of comprehensive use of industrial waste, namely coal fly ash (FA) and
bentonite from the Kazakh deposit, to obtain a dispersed filler for the production of
wood-polymer composite (WPC) material. In countries that traditionally use coal
combustion, various methods of using and disposing of FA are proposed, for exam-
ple, for the production of cement-based building materials, thermal insulation, and
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heat-resistant materials, in which, according to researchers, FA contributes to better
insulation characteristics (Sumio, et al., 2000; Xingbao et al, 2008; Lach et al 2016;
Horiuchi et al 2005). In Kazakhstan, research is being conducted and projects are
being planned for the utilization and processing of FA in road construction and for
the production of silicate building materials (Muratov et al., 2023; Musina et al.,
20206, Nurpeissova et al., 2023).

Bentonite and kaolin clays are used in polymer technology (Roy, 2024; Mapos-
sa et al., 2024). To obtain a composite material with the desired properties, modifi-
ers are used, which can be processing additives, additives or antioxidants, additives
and fillers that improve the physical and mechanical properties of the final product.
Kaolin with a particle size of up to 1 um is used as a structuring additive for trans-
lucent polymers, and the finely dispersed fraction is used to fill LDPE, HDPE, LL-
DPE, and PVC. Kaolin can replace hydrophobic chalk. For use in filled polymers,
kaolin is modified (Ibadullayev et al., 2021). Chemically and thermally modified
kaolin is also used in cement mixtures. The optimal heating temperature for kaolin
is 700 to 800 °C (Mejia et al., 2008). Kaolin and bentonite have a similar alumino-
silicate composition, but differ in terms of particle dispersion and specific surface
area: for kaolin, this is 50-150 m?/g, and for bentonite, 250-500 m?/g, which de-
termines the higher activity of the latter and the possibility of reducing its content
in the composition while maintaining the required properties (Kulikov et al., 2024;
Kukuy et al., 2005; Gulyaev et al., 1987).

Research materials and methods. The objects of the study were fly ash from
TPP 2 in Almaty and bentonite from a deposit in the Republic of Kazakhstan. The
physico-chemical properties of fly ash were determined using an Axios PANalyt-
ical X-ray fluorescence spectrometer (the Netherlands) and a D§ ADVANCE dif-
fractometer from Bruker Elemental GmbH (Germany). Thermal analysis was per-
formed on a STA 449 F3 Jupiter “NETZSCH” derivatograph (Germany) in an inert
atmosphere. The morphology was studied using a JEOL JXA-8230 microprobe
analyzer (Japan) and an Olympus BX-51 optical polarization microscope (Japan).

Three samples of fly ash from the dry storage ash dumps of the Thermal Power
Plant 2 in the Alatau district of Almaty were analyzed. The samples were averaged
and reduced through quartering.

Wood flour (WF) with a dispersity of not more than 0.4 mm, produced on a
hammering machine from sawdust, furniture production waste, was used as a wood
filler.

Results and discussion. The fly ash samples studied in the work showed the
value of the specific effective activity of natural radionuclides less than 370 Bg/kg.
It corresponds to the first class and allows the use of these materials for all types of
construction.

Morphologically, the fly ash is a finely dispersed material consisting of sand and
glassy particles with different composition and structure. The original color of the
ash is light gray.

139



ISSN 2224-5278 6.2025

Figure 1 (a, b), Figure 2 (b) presents the fly ash results of microscopic studies
owhere microsphere-formed particles gas-filled, hematite, silicate spheres.

Figure 1 — Micrograph of fly ash at TPP 2, Almaty. Magnification x 300
1) gas-filled spheres; 2) hematite spheres; 3) silicate spheres

Besides, spheroidal particles of magnetite (Fe,O,) mixed with hematite (Fe,0,)
and spheres of mixed composition are found in the fly ash composition. It is
confirmed by X-ray phase analysis. Figure 2 (a) shows a micrograph of spherical
particles having a complex composition consisting of an aluminosilicate base
coated with heavy metals.

o 52
Net Kratio  Line

Chemical formula  ms% mol% Sigma

(o} 45.18 7279 0.17 4127739 0.4537851 K
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a) a particle with magnification of 1000; b) particles with magnification of 40;

Figure 2 — Scanning microscope of TPP 2 fly ash

According to the analysis, oxygen is present in the shell of the sphere - 41.83%;
iron -17.22%; calcium — 1.32%; copper — 1%. The information correlates with the
phase analysis diffraction data.

X-ray phase analysis of the fly ash showed angle spectra and diffraction
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intensities characteristic of such minerals as sillimanite AL SiO,, mullite Al,SiO,,
and quartz SiO,, with the presence of hematite (Fe,O,). The data are presented in

Table 1.
Table 1 — Results of fly ash phase analysis at TPP 2 in Almaty

No. Compound Name Formula S-Q
1 Sillimanit ALSiO, 325
2 Mullite AlSiO, 27.2
3 Hedenbergite CaFeSi,O, 12.4
4 Quartz low Sio, 8.7
5 Hematit Fe,O, 6.7
6 Other 12.5

The FA contain an amorphous substance consisting of vitreous spheres. It appears
as a halo on X-ray spectra. The crystalline phase consists mainly of silicates, which
make up 80,8% in total.

Figure 3 shows a comparison of the dispersion of fly ash and wood flour. The
particle size of FA ranges from 90 to 300 micrometers, with no ultrafine or dust-like
particles present in the filler. The average particle size (DAV) is 182.0 micrometers;
the 90% particle size class (D90) is 281 micrometers. The maximum particle size
(Dmax), i.e., 300 micrometers, is 20.1%. The minimum particle size (Dmin), i.e. 40
pm, is 0.5%. Less than 1% of large particles were removed during sieve analysis.
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Figure 3 — Granulometric analysis of dispersed filler
a) coal fly ash; b) wood flour
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For WF, particle size DAV is 172.68 pm; 90% class D90 is 279.68 pm. Dmax,
i.e. 300 um, is 18.755%. particles Dmin, i.e. 20 pum, is 0.2%.

Thermal studies of FA were conducted using two methods: calcination and
thermogravimetric analysis. Crucibles with samples were heated to a constant
weight at a temperature of 1000 + 50 °C to determine the completeness of coal
combustion. The average weight loss was 0.9%.

DTA analysis was performed by heating the sample in a high-purity argon
atmosphere at a heating rate of 50 °C/min to 2500 °C. °C/min. Figure 4 shows that
no effects were detected on the DTG curve, while the TG curve shows that the rate
of mass loss at 20-2500 °C is constant. The weight change after heating to 2500 °C
was 0.2%. The change in mass at 2000 °C was 0.12%.
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Figure 4 — Differential thermal analysis of fly ash at TPP 2 in Almaty

Accordingly, the composition of the FA will remain constant when used in
heating processes.

Study of bentonite. Sample of bentonite from the Kazakhstan deposit has a finely
dispersed structure, a light color, with a yellowish tint.

Bentonite consists mainly of oxygen O - 57.3%; silicon Si — 27.5%, and
Ca content is 1.16%, Na+K is 1.94% under the X-ray fluorescence analysis, as
presented in Table 2.

Table 2 — Elemental composition of bentonite samples

Compound | Concentration |Compound |Concentration |Compound |Concentration
formula formula formula

Si 27.561 S 0.070 Ti 0.704

O 57.358 Cl 0.224 Mn 0.030

Na 1.647 K 0.298 Fe 2.928
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Mg 1.538 Ca 1.166 Zn 0.005
Al 6.392 P 0.069 Zr 0.007

Bentonite clay samples were subjected to a thermal modification process. Three
samples of bentonite weighted 40 g each were taken for this purpose and calcined
in a muffle furnace, with a holding time of 40 minutes, at 200, 500 and 700 °C,
respectively. Calcination at the temperature of more than 500 °C removes water,
and the use of calcined and modified bentonite in composite materials increases
the temperature of their processing. The removal of water and the formation of
anhydrous clays takes place at 500-700 °C.

It can be seen based on the X-ray phase analysis conducted for bentonite clay
(Figure 5) that the following minerals are present in the sample - montmorillonite
(AL(OH), (S81,0,,) mH,0); AL O,; quartz (SiO,) and hematite (Fe,0,). [(KH,O)
(ALLMg,Fe),(Si,A1),0, [(OH), (H,0)], but there is considerable ion (isomorphic)
substitution. The content of illite can be assumed in this sample, and it is a non-
swelling type of bentonite.

A decrease in the intensity of hydrate silicate lines is observed in the spectrum of
the thermally modified sample at 700 °C, and the spectrum of the diffraction angle
of titanium oxide appears. The amount of crystalline phase in a sample of modified
bentonite is reduced to 46% (by 6%).

| Initial sample
| After thermal modification

Intensity, (a.u.)

10 20 30 40 50 60 70 80 90
Theta (degree)

Figure 5 - XR spectrums of raw and modified at 700 °C bentonite

Quartz SiO, and alumina AlLO, dominate in the initial bentonite sample
according to the phase analysis results (Table 3), These oxides are rock-forming
components typical of montmorillonite-based clays.

Table 3 — Phase analysis results for the original bentonite sample
Phase composition SiO, |ALO, [CaO [MgO |Fe O, [NaO+K O |SO,> [TiO,
Content, % 61.0 18.02 |2.01 [2.5 9.3 2.64 2.6 2.1
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Titanium and iron oxides with the TiO, and Fe, O, formulas are coloring oxides,
with an average content of 1 to 5%. Na,O, CaO and MgO are part of both the clay
itself and impurities. The sodium, magnesium, and calcium cations in bentonites
play the role of exchangeable cations, and the content of each oxide can range from
fractions of a percent to 2—-3%.

Figure 6 shows a decrease in the average and minimum particle size in a
bentonite sample modified at 700 °C.
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Figure 6 — Granulometric analysis of bentonite:
a) original sample; b) a sample modified at 700 °C

The average DAV particle size is 33.6 um in the original bentonite sample; 90%
particle size class D90 is 37.59 pm. The maximum particle size D_ -300 pm is 2.3
%; particle size D_. — 6.6 um ~ 1.1 %.,

Thermal modification at 700 °C had an effect on the dispersion composition
of the sample. The DAV size decreased to -25.321 um; particle size class D90
decreased to -19.75 um, D__ is 300 um, content is 2.3 %; Dmin decreased to 4.45
um, and the content of particles with D_. increased to 5.1%.

Samples for the study were obtained by extrusion, the composition included 48%
polymer components, i.e. low-density polyethylene (HDPE) and 52% fillers made
of WF and chalk, ash, bentonite and technological additives. WF was classified by
size, dried at 70 °C, then mixed with fly ash, dried to almost zero humidity, treated
with thermally modified and dried bentonite, then the mixture was used to obtain a
wood-polymer composite material.

Samples of WPC materials were tested depending on changes in the composition
in order to determine their physical, mechanical and strength properties
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Specimens had sizes of 210x16x5 mm for bending and hardness tests, and
the sizes of 70x16x5 mm for water absorption tests. The bending strength was
measured under ISO 178 standards and recommendations by three-point loading
at a speed of 0.5 mm/min. The hardness of the specimens according to Brinell was
determined according to ISO 2039-1 by pressing a steel ball with a diameter of 5
mm into the surface of the test specimen with a force of 5 kgf. 15 seconds after the
load was applied, the depth of the impression was measured. The water absorption
under ISO 62 was measured by immersion in distilled water for 24 hours at t 23
°C. After holding in water, the sample was dried with filter paper, the geometric
dimensions were measured and weighed.

Testing of samples of WPC materials depending on the change in the composition,
including 20% of fly ash and 5% of bentonite modified at 200%; 500 and 700 °C
(hereinafter bentonite 200, bentonite 500, bentonite 700) are presented in Table 4.

Table 4 — Strength characteristics of WPC materials depending on the content of bentonite

Fly . Bending | Max Brinell Water
Bentonite, % . .
No. | Name ash . ; strength | deformation |[hardness |absorption
% modification MPa % HB %
1 WPC No. 1 [20% | 5%, Bentonite 200 |14.28 1.6/4.82 7.71 0.75
2 |WPCNo.2 |20% |5%, Bentonite 500 |14.80 2.1/6.49 mm |7.77 0.45
WPC No. 3 [20% [5%, Bentonite 700 [20.90 2.26/4.57 mm | 12.37 0.45

It has been established that the bending strength of a specimen with the addition
of’bentonite 700, in comparison with a specimen containing bentonite 200, increases
by 32%, and the hardness also increases by 60%, from 7.71 to 12.37 HB. Water
absorption decreases to 40% in bentonite 500 and 700 samples, and is 0.45%.

Figure 7 shows plots of sample deformation versus stress for samples with
bentonite content: 200; 500; 700 respectively.
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Figure 7 — Dependence of maximum stress and deformation of thermally modified bentonite
specimens.
1-t°C:200;2-t°C:500;3-t°C: 700
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It can be assumed based on the values of the maximum stress and deformation
and the shape of the graphs that the hardness of the specimen with composition
3 with bentonite 700 increases, the smooth stroke of the stress-stroke curve of
specimen 1 suggests the viscosity of the material.

Testing of WPC material samples depending on changes in the characteristics
of the polymer matrix based on primary HDPE and secondary HDPE obtained
by extrusion and granulation of secondary raw materials from solid waste. The
composition included: 20% of the fly ash; 5% bentonite 700; wood flour and
additives. The results are presented in Table 5.

Table 5 — Strength characteristics of WPC materials depending on the polymer matrix.

Fly Bending | Max Brinell | Water
No. [Name |[ash [Polymer matrix strength [ deformation | hardness |absorption
% MPa % HB %
WPC o o . 2.26/6.57
1 No. 4 20% |48% HDPE primary 22.40 mm 7.70 0.75
0
) WPC 20% 48%, sec.ondary HDPE 13.20 1.1/3.86 9.77 0.45
No. 5 from solid waste mm
3 WPC 20% | 48%, HDPE secondary 20.90 2.26/4.57 8.47 0.45
No. 3 mm

According to the test results, the composite material based on a matrix made of
recycled HDPE from solid waste has lower bending strength, bending strength up
to 13.2 MPa, high hardness of 9.77 HB and low water absorption - 0.45%.

The bending strength of a sample made of primary plastic increases to 22.4
MPa, the Brinell hardness is 7.70 HB, the bending strength of a sample based on
secondary HDPE is slightly lower, 20.90 MPa, and the Brinell hardness is higher,
up to 8.47. The moisture capacity of the sample based on matrices from secondary
HDPE and HDPE from solid waste is 0.45%, which is 40% lower than the moisture
capacity of the sample from primary HDPE — 0.75%.

Tests of WPC material samples depending on the change in the bentonite content
700 in %: 2; 5; 8; 30 respectively.

The WPC samples are made of a composition based on a polymer matrix of
secondary HDPE, and a filler of wood flour, 20% fly ash with the addition of
bentonite 700. Results are presented in Table 6.

Table 6 — Strength characteristics of WPC materials depending on the content of thermally
modified bentonite

No Sample Bentonite Bending Brinell Hardness Water

’ P content % | strength MPa |HB absorption, %
1 WPC No. 6 2 14.50 8.70 0.46
2 WPC No. 3 5 20.90 8.47 0.45
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WPC No. 7 8 19.80 8.50 0.40
4 WPC No. 8 30 14.25 9.0 0.75

As it can be seen from the test results, samples from compositions with a
bentonite content of 2, 5, 8 % have low water absorption, from 0.40 to 0.46 %,
and the moisture capacity of the samples decreases with an increase in the content
of bentonite. So, the moisture absorption parameters are 0.40% in a composition
containing 8 % bentonite. When the bentonite content increases up to 30% water
absorption increases to 0.75%. It can be explained by the moisture capacity of
bentonite, to which water has access through the pores. Besides, an increase in
the hardness of the sample up to 9 HB is observed with an increase in bentonite
content up to 30%. The bending strength increases for a specimen with a content
of 5% to 20.9 MPa, a further increase in the bentonite content to 8% contributed to
a decrease in the bending strength to 19.8 MPa. The bending strength was reduced
to 1.25 Mpa for a specimen with a bentonite content of 30%.-

Testing of WPC material samples depending on the change in the fly ash content.
Samples with a change in the fly ash content in %: 0; 5; 20 and 30, made based on
a composition of polymer matrix of the secondary HDPE, filler of wood flour and
bentonite 700 in the amount of 5% were tested to study the possibility of using the
fly ash as a filler for WPC. The results of the sample studies are shown in Table 7.

Table 7 — Strength characteristics of WPC materials depending on the fly ash content

No. |Sample l:(l)}rllta;snht s f/[e;adlng strength. Egnell Hardness Water absorption, %
1 WPCO |0 18.25 6.75 0.75
2 WPC9 |5 18.80 8.47 0.45
3 WPC3 |20 20.90 8.47 0.45
4 WPC 10 |30 14.80 6.45 0.40

The introduction of 5-20% of the fly ash into the composition contributes to the
increase in the strength properties of the composite material, the bending strength
increases up to 14.5%, the hardness of the samples increases up to 10%, while
the increase in the content of the fly ash in the composition to 30% reduces the
tensile strength and hardness of the composition. The water absorption of the WPC
material decreases with the increase of the fly ash in the composition.

Fly ash meets such requirements for fillers as dispersion, moisture capacity,
consistency of composition and mass under thermal action, as well as chemical
inertia, which are necessary properties for extrusion, the data are consistent with
studies (Kijo-Kleczkowska et al., 2024:130168). The decrease in the strength of
the sample and the increase in water absorption with an increase in the bentonite
content in the composition up to 30% can be explained by the agglomeration of
particles and the absorption of water by bentonite. (Tables 6, 7). These data are
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confirmed by bentonite modification studies. They show a significant difference
in dispersibility and particle distribution in the elastomeric matrix compared to
unmodified ones, and the performance properties of the compositions are 1.6—1.8
times higher than those of composites filled with unmodified fillers (Ibadullayev
et al., 2021:05006). Bentonite is modified chemically or thermally to improve
dispersibility. The problem of bentonite clumping in the polymer can be solved
by adding large particles to the polymer matrix simultaneously with bentonite
(Puchkova et al., 2012:46).

Filling the material with fly ash up to 20% contributes to an increase in the
strength, hardness of the sample with a decrease in water absorption, and the
strength and hardness of the sample decreases with a further increase in the content
of fly ash up to 30%.

Conclusion The conducted studies showed that the fly ash from Almaty TPP-2
is a homogeneous aluminosilicate material consisting mainly of spherical glassy
particles and crystalline phases of Sillimanite, Mullite, and Quartz. Its low loss
on ignition and stable mineral composition make it a suitable functional filler for
polymer composite materials.

Thermal modification of bentonite at 700 °C led to dehydration, partial
amorphization, and a 25 % reduction in the mean particle size, accompanied
by a fivefold increase in the fine fraction. These structural changes significantly
improved the dispersion capacity of bentonite and its interaction with the polymer
matrix.

The introduction of 20 % fly ash and 5 % thermally modified bentonite into the
composite formulation increased flexural strength by 32 %, hardness by 60 %, and
reduced water absorption to 0.45 %. This demonstrates a synergistic reinforcing
effect of fly ash and thermally modified bentonite in the WPC structure.

The scientific novelty of the research lies in establishing the correlation between
the thermal modification temperature of bentonite, the change in dispersion of its
mineral phase, and their combined influence on the mechanical properties and
interfacial adhesion of wood—polymer composites.

The results can be used to develop cost-effective, environmentally friendly
composite materials based on locally available industrial waste.
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